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Abstract 
Polyandry related to multiple paternities is one of the female reproduction behaviors of sea turtles. The multiple 
paternities are still difficult to be determined. We determined paternity in the offspring of olive ridley sea turtles 
(Lepidochelys olivacea) nesting at Taman Buru Bena, Timor Island. Five loci microsatellite markers that used in 
this research, namely OR-1, OR-4, OR-7, OR-11 and OR-14. DNA was extracted and isolated from the muscle 
tissues and amniotic fluid of the hatchlings. The amplicon were genotyped by using a GeneMapper genotyping 
software version 4.0. The result showed that the distribution of the paternal alleles were 3 (OR-11), 2 (OR-4 and 
OR-1), and 1 (OR-14). Four microsatellite loci OR-1, OR-14, OR-4, and OR-11 could show the multiple 
paternities of the turtles, this study observed that multiple paternities might contribute to the increase in genetic 
biodiversity in the sea turtle.  
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1. Introduction 
Olive ridleys, one of the widely distributed marine turtle species has undergone  population declines due to 
multiple anthropogenic factors. This turtle is currently listed as ‘‘Globally Endangered’’ due to direct 
observation of population reduction of at least 50% over the last 25 years (IUCN Red List of threatened 
Species).  One of its characteristics is that after hatching, it may be drifting in the open ocean for several years 
and as adults migrate up to 2,700 miles on a regular basis between foraging and breeding grounds [1]. This 
condition can lead to overlapping niches with other turtle populations, considering the fact that the nature of 
turtle is loyalty to its nesting place (fidelity). Mating between populations can occur as consequences of this 
migration pattern. Genetic analyses have revealed that gene flow among nesting beaches is mediated by male 
turtles, and opportunities for gene flow probably occur when adult populations overlap in feeding areas and 
migratory corridors [2]. 
Male turtles show have limited opportunities because, different from females, they rarely come ashore; thus, 
most researches are carried out by simultaneously capturing and tagging males around both the breeding area 
and feeding area. The presence of this male turtle behavior makes little information of bioreproduction that can 
be obtained. On the other hand, females showed mating behavior by being faithful on their special courtship area 
near nesting beach chosen by females and they will return to their feeding area after mating [3]. In controlling 
their mating system, female turtles take an unnoticeable advantage by multiple mating.  
Males turtles showed a wide range of ejaculated sperm volume between 1 to 2 mL up to 100 mL. Total sperm 
counts ranging between 88 and 645 per breeding season were observed with percent motility as high as 90%.  
Sperm motility and sperm volume were variable depend upon time and frequency of ejaculation and the 
individual male [4]. On the other hand, females lay eggs in several nests (4-7 times) within two weeks intervals 
during one breeding season and can produce 90 to 200 eggs per nest. Therefore, the idea that one females mates 
with only one male is not enough for fertilization of all eggs ovulated by the females during the breeding season 
[5, 6]. Moreover, the existence of a fixed area for feeding and breeding activity, and also highly migration ability 
of turtle allows high frequency and level of polyandry (one female mates with multiple males) or polygamy (a 
male mates with multiple females) in specific populations [5, 7, 8,9].  
Mating patterns with one or multiple partners might be important as it significantly contribute to individual 
fitness [10]. Mating with multiple males may give direct beneficial for females such as providing fitness and 
positive selection, sperm selectivity by females, and also provide indirect benefits such as improving the genetic 
variation in offspring’s leading to increase in hatching success or offspring quality, providing access to resources 
and offspring’s parenting [11, 12]. Reproductive behavior of females for mating with multiple males and storing 
the sperm in the female’s reproductive tructs may affect male and female reproductive strategies. Male 
reproductive success is often limited by the ability to obtain female. Therefore, males should have a strategy to 
mate with many females. In contrast, the number of offspring produced by females is generally not limited by 
the quantity of mating pairs. Therefore, the selection of the multiple mating is expected to weaken the males. 
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Molecular studies on the origin of species provide basic data to investigate a number of biological subjects to be 
important, such as sex selection, ecology, behavior, and conservation genetics [13]. Microsatellite or simple 
sequence repeats (SSR) markers has been widely used to investigate paternity and mating detection of males and 
females in the sea turtle population [14, 15, 16, 17, 18, 19,20]. Several properties of microsatellite as molecular 
marker that makes it ideal for genetic diversity analysis are by having a high mutation rate, high polymorphism, 
codominant, and more importantly, the nature of its biparental inheritance that could display gene flow derived 
from both male and female [21]. 
Female turtles can store viable sperm in their reproductive tracts for as long as several years, but the extent to 
which this capacity is utilized in nature has remained unknown. Here, we employ microsatellite markers to 
assess genetic paternity in successive clutches of olive ridley sea turtles (Lepidochelys olivacea) in marine 
waters, Taman Buru Bena, Timor Island. The olive ridley sea turtles are among one of the most widely 
distributed and abundant sea turtles, however, a large population of this species in the marine waters of Timor is 
concentrated at the marine waters of Timor Bena. 
The purpose of this study is to detect multiple paternity that occurs in natural populations of olive ridley sea 
turtles on Timor Bena beach by using five microsatellite markers, namely OR-1, OR-4, OR-7, OR-11, and OR-
14. The results of this study are expected to improve the accuracy of prediction and control of the genetic 
contribution of male turtles in this population as genetic information for olive ridley turtle conservation. 
2. Materials and Methods 
2.1. Sampling 
This study was conducted from May 2013 to May 2014 in Taman Buru Bena, Timor Island (124°13’E, 10°10’N; 
Figure. 1). Sample tissue of female turtle was taken from carapace and limb biopsy of adult female that came 
ashore after nesting. Sample of hatchlings was taken from amniotic fluid of the eggs obtained from the previous 
study phase. The amniotic fluid was then incubated in two incubation temperatures, masculine temperature: 26-
27°C and feminine temperature: 30-33°C. The tissue of turtles was brought to the Molecular Biology Laboratory 
PSSP-LPPM, Bogor Agricultural University (IPB) for multiple paternity analyses. 
2.2. DNA Extraction, Isolation, and Amplification  
DNA extraction was performed by using DNeasy mini kit (Qiagen) according the company instruction. Five 
microsatellite loci were used in the analysis of multiple paternity [21], the OR-1 (NA: AY325422), OR-4 (NA: 
AY325425), OR-7 (NA: AY325427), OR-11 (NA: EU162580), and OR-14 (NA: EU162582). In general, 3 μL 
of DNA extraction used in a 25 μL mixture of PCR containing 1 μL forward primer labeled with Fam probe 
(OR-1; OR-7), Hex probe (OR-4; OR-11), Tet probe (OR -7), and 1 μL of reverse primer for each marker, 12.5 
μL Gotaq master mix  (Promega), and 8 μL of dH2O.  DNA Amplification was conducted in 96-well PCR 
thermal cycler (Verity, Applied Bio System) following the condition: 94°C for 5 min. as pre-PCR, then 45 
cycles for amplification at 94°C 30 sec. for denaturation, 55°C 30 sec. for primer annealing, and 72°C 30 sec. for 
extention, lastly 72°C 7 min. for final extention. 
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Figure 1: Map of the Taman Buru Bena, Timor Island (   = Location of main olive ridley nesting beaches in the 
Taman Buru Bena). 
2.3. Visualization of DNA bands  
PCR products were electrophoresed by using 1.8% agarose gel containing ethidium bromide in 1x TAE buffer at 
100 voltages for 45 minutes. Visualization was carried out in UV gel doc machine (Biored). For Further 
genotyping analysis, PCR products were sent to Ist BASE Malaysia.  
2.4. Microsatellite and Genotyping Analysis 
Maternal genotypes were determined directly from the sampled females, and observed in offspring genotypes. 
Paternal alleles were determined from genotype of the offspring when alleles of hatchling and maternal 
calculated after the determination of genotype (GeneMapper genotyping software version 4.0). The estimation of 
microsatellite variation is based on the five loci used in the study, namely OR-1, OR-4, OR-7, OR-11, and OR-
14. Furthermore, the determination of paternal allele is done by eliminating maternal alleles of the offspring 
genotypes [8]. Multiple paternity in the nest is counted if there are more than two paternal alleles in one locus 
[23, 24].  
3. Results and Discussions 
Five microsatellite loci used in this study showed that the four loci OR-1, OR-14, OR-4, and OR-11 had more 
genetic variations than the locus OR-7 (Table 1). The allele sizes were obtained after genotyping with fragment 
length for locus OR-1: 175-187 bp, locus OR-4: 126-151 bp, locus OR-7: 188-200 bp, locus OR-11: 215-238 bp, 
and locus OR-14: 161-164 bp. 
Information obtained from five microsatellite markers helped to detect multiple paternity of hatchlings that 
hatched in natural population. Based on the number of alleles at five loci, except for locus OR-7, four other loci 
showed different alleles of the female alleles. The analysis showed that loci OR-4 and OR-1 had two paternal 
alleles, whereas locus OR-14 had one paternal allele and locus OR-11 produced 3 paternal alleles. The result 
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where more than two paternal alleles were found in the locus OR-11(Figure.2), indicated that female turtles in 
the marine waters of the Taman Buru Bena, Timor Island showed a phenomenon of multiple paternity during the 
breeding season. From all the analyzed hatchling samples, the minimum numbers of males that contribute to 
donating a number of alleles for natural populations were two individuals. These alleles were detected in the 
locus OR-11, namely 215, 236 and 238 bp. 
Table 1: Alleles Information Summary at Five Microsatellite Loci of Olive Ridley Sea Turtles 
Microsatellite loci Maternal 
Allele 
(bp) 
Hatchling 
Allele 
(bp) 
Frequency 
 
Paternal 
Allele 
(bp) 
Paternal 
Allele 
Number 
OR-1 183/183 175/183 
183/187 
7 
17 
175 
187 
2 
OR-4 140/146 126/140 
126/126 
151/151 
140/146 
146/151 
4 
2 
2 
9 
6 
 
 
126 
151 
 
 
 
2 
OR-7 188/200 188/188 
188/200 
12 
12 
188 
200 
2 
OR-11 224/232 224/232 
232/238 
215/232 
215/224 
224/238 
232/236 
1 
7 
7 
6 
3 
1 
 
 
 
215 
236 
238 
 
 
 
3 
OR-14 161/161 161/161 
161/164 
161/163 
10 
13 
1 
 
163 
164 
 
2 
 
Based on data from the five microsatellite loci that were used to detect the phenomenon of multiple paternities, 
locus OR-7 contributed two alleles with the same size between females and hatchlings. In contrast, the four other 
loci, OR-1, OR-14, OR-4, and OR-11 could detect alleles from hatchlings which are different from the alleles 
possesed by the females. Empirically, locus OR-11 detected alleles in most hatchlings (5 alleles), followed by 
locus OR-4 (4 alleles), locus OR-14 (3 alleles), locus OR-1 (3 alleles), and OR-7 (2 alleles). 
Analysis of the paternal allele pair combinations performed use definitive maternal genotype and hatchlings 
allele, showed that the mean maximum number of males were detected in olive ridley sea turtle populations 
using five microsatellite markers as much as 8 males with details on each locus sequentially, consist of OR-11 
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locus (14 males), OR-4 locus (9 males), OR-1 and OR-14 loci (6 males), and the OR-7 locus (3 males). In 
addition, maternal genotype homozygous, namely locus OR-1 and OR-14 with paternal allele number by 2 
alleles, has the maximum number of males as much as 6 males (Table 2). Meanwhile, maternal heterozygous 
genotype, namely OR-4 locus and OR-11 locus (except OR-7 locus) with the amount of paternal alleles in a row 
as much as 2 and 3 alleles, produce the maximum amount that most males. Based on the analysis of the paternal 
allele possible combinations, it appears that the four loci can be used as microsatellite markers for population 
genetic studies on other sea turtle species in the waters of eastern Indonesia. 
 
Figure 2: Chromatogram  of allele’s size and distribution that was detected in locus OR-11 
 
In the phenomenon of multiple paternities, the presence of paternal genotypes showed that males could mate 
more than one female. [15] stated that nests having three to four paternal alleles indicated that the produced 
hatchlings came from the mating of one female and two males. If more than four paternal alleles occured, then 
the nest had a minimum of three males. The research data showed that OR-11 can detect the minimum number 
of two males (Table 2). It means that multiple paternity phenomenon can be detected in a population of olive 
ridley sea turtles in the marine waters of Taman Buru Bena, Timor island. 
These five pairs of primers used in this study were similar to those used by [21, 22] at the olive ridley turtle with 
a very high polymorphism. In this study there were four polymorphic loci, namely OR-1, OR-14, OR-4, and 
OR-11 with a fewer number of alleles due to the limited number of detected nests. The number of alleles derived 
from the locus was less than the previous research on green turtles [7] and the Dermochelys coriacea species [7]. 
In addition, this is the first study that applied the use of microsatellite markers to reveal the poliandry of olive 
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ridley sea turtles population in the marine waters of Taman Buru Bena, Timor Island. Therefore, these four loci 
are expected to be useful microsatellite markers for genetic studies of other species of sea turtles in the marine 
waters of eastern Indonesia. 
Table 2: The maximum number of males based on the number of paternal alleles of five microsatellite markers 
Loci Maternal genotype 
definitive 
(bp) 
 
Hatchling 
Genotype 
(bp) 
(n= 24) 
Combination of  paternal 
alleles possibility that 
expected 
(bp) 
Maximum 
number of 
males  
OR-1 183/183 175/183,183/187  175/175, 175/183,175/187, 
183/183, 183/187,187/187 
6 
OR-4 140/146 126/126,126/140, 
140/146,146/151  
126/126, 126/140,126/146, 
126/151,140/146, 140/151, 
146/146, 146/151,151/151 
9 
OR-7 188/200 188/188,188/200 188/188,188/200, 200/200 3 
OR-11 224/232 215/224,215/232, 
224/232,224/238, 
232/232,232/236, 
232/238 
215/215, 215/224. 215/232, 
215/236, 215/238, 224/224, 
224/236, 224/238, 232/232, 
232/236, 232/238, 236/236, 
236/238, 238/238 
14 
OR-14 161/161 161/161,161/163,  
161/164 
161/161,161/163, 161/164, 
163/163, 163/164,164/164 
6 
Mean of males number 7.6 ∞ 8 
 
Previous studies have also revealed multiple paternities phenomenon in natural populations of sea turtles, such 
as Lepidochelys olivacea [11,21, 22], Lepidochelys kempy [16], Dermochelys coriacea  [7], Caretta caretta [12, 
15, 19], and Chelonia mydas [5, 9, 23]. The females are expected to mate in the beginning of nesting season and 
store the sperms in a long period. The stored sperms have the ability to fertilize the egg during the next mating 
season. This condition allows the phenomenon of multiple paternities to prevail that resulted from the mixing 
and competition of sperms [5,25, 26].  
Based on the explanation above, it can be concluded that females get direct benefit from polyandry mating 
patterns, which is to ensure the availability of sufficient number of sperm that enables fertilization of eggs. In 
addition, females may be able to avoid unsuccessful reproduction threat through a mechanism that allows the 
eggs to be fertilized by sperm of multiple males that are genetically similar [27]. 
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Multiple paternities are believed to be able to decrease the rate of genetic drift in population compared to the 
population of the one female with one male mating pattern. The influences of multiple paternity on hatchling 
characteristics and population are the increasing of good genes, increasing of the genetic diversity among 
hatchlings, ensuring the availability of sufficient number of sperm that enables fertilization or allowing sperm 
competition, and thus improving hatchability and quality of hatchlings [12, 17].  
4. Conclusion 
The results of this study showed that the hatchlings of eggs laid by Lepidochelys olivacea were fertilized by 
multiple males. Microsatellite analyses showed that multiple paternities can be detected by using four 
microsatellite loci based the combination of paternal alleles possibility that expected, namely OR-11 locus (14 
males), OR-4 locus (9 males), OR-1 and OR-14 loci (6 males). It can be occurred in one breeding season 
because females mate with multiple males, thus providing a new paternal allele among hatchlings. The 
phenomenon of multiple paternity of olive ridley sea turtle population in Taman Buru Bena significantly 
contributes in the improving of genetic diversity. To improve the precision of this study and determine the 
genetic contribution of males in this population, increasing the number of nests and samples are recommended. 
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